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Abstract. The determination of atmospheric concentrations
of levoglucosan and its two isomers, unambiguous tracers
of biomass burning emissions, became even more important
with the development of wood as renewable energy for do-
mestic heating. Many researches demonstrated the increase
during recent years of atmospheric particulate matter load
due to domestic biomass combustion in developed coun-
tries. Analysis of biomass burning tracers is traditionally per-
formed with Gas Chromatography-Mass Spectrometry (GC-
MS) technique after derivatization and requires an organic
solvent extraction. A simpler and faster technique using
Liquid Chromatography – Electrospray Ionisation – tandem
Mass Spectrometry (LC-ESI-MS/MS) was optimized for the
analysis of levoglucosan, mannosan and galactosan isomers
after an aqueous extraction. This technique allows a good
separation between the three compounds in a very reduced
time (runtime ∼5min). LOD and LOQ of this method are
30µgl−1 and 100µgl−1 respectively, allowing the use of ﬁl-
ters from low-volume sampler (as commonly used in routine
campaigns). A comparison of simultaneous levoglucosan
measurements by GC-MS and LC-ESI-MS/MS for about 50
samples coming from different types of sampling sites and
seasons was realized and shows very good agreement be-
tween the two methods. Therefore LC-ESI-MS/MS method
can be used as an alternative to GC-MS particularly for mea-
surement campaigns in routine where analysis time is impor-
tant and detection limit is reduced. This paper shows that
this method is also applicable to other environmental sample
types like soil.
1 Introduction
A growing number of scientiﬁc studies have recently focused
on the apportionment of biomass burning emissions in am-
bient aerosol (Zheng et al., 2002; Puxbaum et al., 2007;
Gaeggeler et al., 2008; Caseiro et al., 2009). This primary
source emits high amounts of organic aerosol (OA) and can
largely contribute to the organic carbon (OC) mass of partic-
ulate matter (PM) in winter. For example in Europe, biomass
burning contributions to OC in winter have been estimated to
be around 30, 35, 35 and 41% in Oslo (Norway) (Yttri et al.,
2009), Vienna (Austria) (Caseiro et al., 2009), Ghent (Bel-
gium) (Zdr´ ahal et al., 2002) and Z¨ urich (Switzerland) (Szidat
et al., 2006) respectively and contributions to organic matter
in winter is 68% in Grenoble (France) (Favez et al., 2010).
Contributions of this source to total PM mass in winter are
about 20% in Paris (France) (Favez et al., 2009) and 42%
in Grenoble (France) (Favez et al., 2010). Better source ap-
portionment studies, especially addressing biomass burning
contributions, will be mandatory in the near future in order
to respect tougher European Union regulations of the aerosol
mass (EU-Directive 2008/50/CE).
OA emitted by biomass burning is particularly rich in car-
cinogenic compounds, such as polycyclic aromatic hydrocar-
bons (Simoneit, 2002 and references therein). Among the
myriad of molecular compounds emitted by biomass burn-
ing, the three isomeric anhydrous sugars levoglucosan (1,6-
anhydro-ß-D-glucopyranose), mannosan, and galactosan,
formed during pyrolysis of cellulose and hemicellulose (Ca-
seiro et al., 2009), are the predominant organic species
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(Simoneit et al., 1999). Levoglucosan is the most abundant
anhydrous sugar among the monosaccharide anhydrides (Si-
moneit et al., 1999). In addition, levoglucosan considered
to be reasonably stable in the atmosphere (Fraser and Lak-
shmanan, 2000) is used since the 1980s as a key marker
for the apportionment of biomass burning emissions (Hornig
et al., 1985; Locker, 1988) particularly used in CMB mod-
elling (Fraser and Lakshmanan, 2000). Recently, Hoffman
et al. (2010) nevertheless pointed out the potential oxida-
tion of levoglucosan by OH radicals in the aqueous phase
of aerosols. Moreover, Hennigan et al. (2010) estimated
a loss of levoglucosan between 20 and 90% during smoke
plume aging for typical summer conditions. These results
should be carefully considered for aged air masses and taken
into account when using this tracer for biomass burning ap-
portionment. Another key parameter in biomass burning
apportionment are the ratios of levoglucosan-to-mannosan
and levoglucosan-to-galactosan that are somewhat speciﬁc
of wood types, allowing the differentiation between hard-
wood and softwood combustion (Schmidl et al., 2008). For
instance, levoglucosan-to-mannosan ratio is about 17 for
American beech combustion and about 4 for White spruce
combustion (Fine et al., 2004). So, the simultaneous anal-
ysis of the three monosaccharides is an important issue
for biomass burning study, notably for the choice of wood
burned proﬁle in source apportionment models.
Very few studies deal with monosaccharide anhydrides
in environmental compartments other than in the atmo-
sphere: Simoneit et al. (2004) and Otto et al. (2006) studied
soil samples, Schkolnik et al. (2005) looked at rainwater and
Fabbri et al. (2008) focused on lignites. However, these stud-
ies seem to indicate that monosaccharide anhydrides could
be used as proxies for the detection of the impact of biomass
burning events in many types of matrices.
Analysis of molecular markers is traditionally performed
using Gas Chromatography-Mass Spectrometry (GC-MS)
technique after organic solvent extraction and derivatization
steps (Bergauff et al., 2008). Widely used for the chemi-
cal characterization of atmospheric aerosol, this method is
also used for the analysis of soil samples (Simoneit et al.,
2004; Otto et al., 2006). Even though the reliability of this
approach is demonstrated in several studies, it requires in-
tensive sample preparation. In addition, the derivatization
step usually based on a silylation reaction prevents the anal-
ysis of aqueous samples. Recently, other analytical meth-
ods without derivatization step were developed for monosac-
charide anhydrides quantiﬁcation using liquid chromatogra-
phy. For example Schkolnik et al. (2005) used ion-exclusion
chromatography coupled with a spectroscopic detection to
analyse directly rainwater. More recently High Performance
Liquid Chromatography (HPLC) was coupled with various
detectors to detect sugar compounds, including pulsed am-
perometric detection (PAD) (Engling et al., 2006; Caseiro
et al., 2007), aerosol charge detection (ACD) (Dixon and
Baltzell, 2006), Mass Spectrometry (MS) (Dye and Yttri,
2005; Wan and Yu, 2006; Gambaro et al., 2008; Saarnio
et al., 2010). Iinuma et al. (2009) have developed an-
other analytical method based on High Performance Anion-
Exchange Chromatography (HPAEC) coupled with a PAD
detector. Although this method allows the determination
of several tracers of biomass burning, only levoglucosan is
quantiﬁed among the three isomeric anhydrous sugars. Liq-
uid Chromatography coupled with Electrospray Ionisation-
tandem Mass Spectrometry (ESI-MS/MS) was also proposed
by Palma et al. (2004). But also in this case their analytical
conditions do not allow the quantiﬁcation of levoglucosan
isomers.
In this study, we present a new method based on
coupling anion-exchange chromatography and Electrospray
Ionisation-tandem Mass Spectrometry (ESI-MS/MS), which
provides an appropriate separation of the monosaccharide
anhydride isomers, a sensitive detection, and a fast analy-
sis. Tandem Mass Spectrometry allows a better selectivity
of compounds by selecting daughter ion characteristics of
the studied compounds (levoglucosan and its isomers). This
method allows the analysis in the aqueous phase and is there-
fore applicable to a wide variety of environmental samples
including atmospheric aerosol, soil and water (rain, snow,
ice) samples.
Moreever, only few papers have compared the analyti-
cal performance of different methods with the more widely
used GC-MS technique (Schkolnik et al., 2005; Engling et
al., 2006). In this study, atmospheric samples from dif-
ferent sites and seasons were simultaneously analyzed with
HPLC-ESI-MS/MS method (called LC-MS) and with the
derivatization-GC-MS method in order to compare their an-
alytical performances. The application of the HPLC-ESI-
MS/MS method to levoglucosan quantiﬁcation in soil sample
is also presented.
2 Material and methods
2.1 Reagents and materials
Authentic standards used in this study include levoglu-
cosan (1,6-anhydro-β-D-glucopyranose) 99.0% (CAS 498-
07-7, Sigma-Aldrich, Steinheim, Germany), mannosan
(1,6-anhydro-β-D-mannopyranose) (CAS 14168–65–1, Car-
bosynth, Compton, UK) and galactosan (1,6-anhydro-β-D-
galactopyranose) (CAS 644–76–8, TRC, Toronto, Canada).
Standard solutions, sample extraction, and mobile phase
solutions were prepared with ultrapure water 18.2 mega
Ohm grade (Purelab Ultra system, Elga, High Wycombe,
UK). Stock solutions at 10gl−1 were prepared by dissolving
1.00g of each compound in 100ml of ultrapure water. These
solutions were stored in amber glass bottles (SCHOTT®
Duran®) at 4 ◦C. Sodium hydroxide solutions for the mo-
bile phase were prepared from a 50% (w/w) NaOH solution
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(J. T. Baker). Ultrapure water was degassed with He before
NaOH addition in order to limit carbonate formation.
2.2 Sample collection and LC-MS extraction
Atmospheric particulate matter of less than 10µm and 2.5µm
diameter (PM10, and PM2.5, respectively) were collected
onto QM-A quartz ﬁber ﬁlters (Whatman, 150 mm diam-
eter) in a high-volume sampler (ﬂow rate 30m3 h−1) with
collection times of 12 or 24h. Samples were collected in two
urban background sites in France: “Les Frˆ enes” in Grenoble
and “Cinq Avenues” in Marseille, during autumn to winter
2009 and summer 2008, respectively, during the FORMES
program (Favez et al. 2010; El Haddad, 2011a, b). After
collection, samples were packed in aluminum foil, sealed in
polyethylene bags and stored at −20 ◦C. Blank ﬁlter samples
were performed in order to estimate the contamination. Con-
centrations of biomass burning tracers in blank ﬁlter samples
were always below the detection limits of the two analytical
methods used (see detection limits Sect. 3.1).
Soil samples were collected in the top soil horizon (be-
tween two and ﬁve cm depth) located under a charcoal burn-
ing two days after the end of the combustion, in the karstic
Vercors massif (French Alps). After collection, they were air
dried at room temperature and sieved at 2mm.
Appropriate atmospheric sample fractions (3 to 12cm2)
and soil sample fractions of 5g were extracted with 15ml
and 5ml, respectively, of ultrapure water with a vortex agita-
tion during 20min. Longer agitation and ultrasonic agitation
were also tested. In order to evaluate extraction recoveries
of the two extraction methods (ultrasonic or vortex agita-
tion), blank Whatman QM-A ﬁlters were spiked in triplicate
with a standard solution containing the three monosaccha-
rides in aqueous solvent at low, medium and high concen-
trations (100, 500, and 1000µgl−1). They were air dried at
room temperature in order to evaporate the aqueous solvent.
The results are discussed in Sect. 3.1.
Just before the analysis, extracts were further ﬁltered us-
ing Acrodisc® ﬁlters (Pall, Gelman) with a porosity of
0.22µm previously rinsed with 40ml of ultrapure water. Soil
sample extracts were previously ﬁltered using pleated ﬁlter
cellulose paper.
2.3 LC-MS analysis
Sample was analyzed using High Performance Liquid Chro-
matography – Electrospray Ionisation – tandem Mass Spec-
trometry (HPLC-ESI-MS/MS) like presented by Piot et
al. (2009). Liquid chromatography is performed with a
Dionex pump (model DX500) mounted with Peek and vac-
uum degasser. Sample is injected by a 449µl injection
loop. The separation is carried out at room temperature
(about 20 ◦C) using a Carbopac PA–1 anion-exchange an-
alytical column (250mm×4mm, Dionex) coupled with
a Carbopac PA–1 guard column (50mm×4mm, Dionex)
Table 1. Instrumental conditions.
Spray voltage (kV) 6.44
Spray current (µA) 4.46
Shealth gas ﬂow rate 40.84
Auxillary gas ﬂow rate 21.32
Sweep gas ﬂow rate 12.03
Capillary temperature (◦C) 310.07
like in Caseiro et al. (2007). Elution is achieved in iso-
cratic mode at 1.2mlmin−1 with 0.5mM sodium hydrox-
ide solution. Columns are ﬂushed and equilibrated be-
tween two samples with an elution gradient between 0.5 and
3mM sodium hydroxide at a 1.2mlmin−1 ﬂow rate (run
time: 9min). During this step, the mobile phase is not in-
jected into the MS. Columns are washed overnight (after ap-
proximately 20 samples) with an elution gradient between
0.5 and 200mM sodium hydroxide at a 0.5mlmin−1 ﬂow
rate (run time: 15h).
A micrometric split valve is used to reduce the ﬂow in-
jected to the MS at 0.8mlmin−1. The analytical detector
is an Electrospray Ionization Ion Trap MS (LCQ Fleet MS,
Thermo Fisher Scientiﬁc). Detection is achieved in the neg-
ative ion mode like in Gambaro et al. (2008) with a m/z161
trap isolation. Parameters are optimized for the best Col-
lision Induced Dissociation (CID) efﬁciency with selective
current in m/z101 and m/z113, characteristic of daughter
ions of levoglucosan and its two isomers. Instrumental con-
ditions are reported in Table 1. Chromatogram integration is
realized on the selective current: m/z101±0.5+113±0.5.
Calibration is performed twice, at the beginning of the
analysis sequence and at the end of the sequence, with stan-
dard solutions containing the three monosaccharides at 100,
500, and 1000µgl−1. Samples and standard solutions are
injected twice for each analysis.
2.4 GC-MS analysis
Standards and atmospheric samples are simultaneous ana-
lyzed by GC-MS as described in El Haddad et al. (2009).
Authentic standard solutions were prepared in acetone and
stored at 4 ◦C. Brieﬂy, sample fractions are extracted with a
dichloromethane/acetone mix (1:1v/v) using an Accelerated
Solvent Extractor (ASE 200, Dionex) and reduced to a vol-
ume of 1mlL. A 100µl extract fraction is trimethylsilylated
with 100µl of N,O-bis(trimethylsilyl)-triﬂuoroacetamide
(BSTFA) containing 1% trimethylchlorosilane (TMCS) for
two hours at 50 ◦C. This fraction is then analysis with a HP
6890 Gas Chromatograph coupled with a HP 5973 Mass
Selective detector (Agilent Technologies). Sample of 1µl
is injected in a splitless mode in an Optima 5 Accent col-
umn (Macherey-Nagel). Quantiﬁcation is performed using
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Table 2. Analytical performances and linear regression parameters
of levoglucosan (same performances for mannosan and galactosan).
LC-MS GC-MS
LODa(µgl−1) 30 100
Masse LOD (µg) 0.06 0.1
LOQb(µgl−1) 100 333
Analytical concentration range (µgl−1) 20–200 100–5.105
RSD for high concentrationc(%) 10 3
RSD for low concentrationc(%) 5 5
R2 0.996 0.963
a 3× Standard deviation of the blank; b 10× standard deviation of the blank;
c successively 5 injections of standard solution.
selected ion current peak areas (204 for levoglucosan and
mannosan and 217 for galactosan) and calibration curves are
established with authentic standards and a deuterated lev-
oglucosan internal standard. Calibration was checked every
10 samples and is performed with 8 levels of concentration
between 2 and 400mgl−1.
3 Results and discussion
3.1 Methods Performance
The elution conditions used in the LC-MS method allow the
detection of the three monosaccharides in less than 6min
with a very good separation (Fig. 1a). The levoglucosan re-
tention time is about 2.3 min followed successively by man-
nosan, and galactosan. The chromatogram shows a high
resolution (Rs: peak resolution) between the three peaks
(Rs=1.25 for levoglucosan and mannosan and Rs=1.65 for
mannosan and galactosan) in a very reduced time (runtime
∼5min). However, this method allows only the analysis of
levoglucosan and its two isomers. All analytical performance
and linear regression parameters for LC-MS calibration are
presented in Table 2. Limit of detection (LOD) of the ana-
lytical method presented in this paper (3 times the standard
deviation of the blank) is 30µgl−1 and the limit of quantiﬁ-
cation (LOQ) (10 times the standard deviation of the blank)
is 100µgl−1 (Table 2). The analytical concentration range
was 20 to 2000µgl−1.
Calibration curves systematically show R2-values above
0.996 for the three compounds. Analytical reproducibility,
evaluated by the relative standard deviation (RSD) between
ﬁve successive injections of the same standard solution at
concentrations of 500 and 1000µgl−1, ranges between 5 to
10%. In conditions of extraction allowing two injections and
the analysis of a sample, mass LOD is 60ng.
The analysis of levoglucosan by GC-MS is tradition-
ally conducted after an organic solvent extraction using
dichloromethane (Simoneit et al., 1999) or mixture of
dichloromethane and methanol (Simoneit, 2002). In the case
of HPLC analysis, some studies used a water extraction as-
sisted by ultrasonic or short vortex agitation to extract sac-
charides because of their high solubility in water (Schkolnik
et al., 2005; Engling et al., 2006; Caseiro et al., 2007). In this
study, the efﬁciency of these two water extraction procedures
was tested. Blank ﬁlters were spiked in triplicate (100µl or
500µl) with three standard aqueous solutions (more or less
concentrated) containing the three monosaccharides at low,
medium and high concentrations (representing 0.5, 2.5, and
5µg of each compound respectively), in order to cover the
whole calibration range. After drying at room temperature,
thoseﬁlterswerethenextractedwith5mlofaqueoussolvent.
Extraction was tested both by 20min ultrasonic agitation and
by 20min short vortex agitation. With the latter, the average
recoveries were 90±9%, 88±28%, and 99±9% for lev-
oglucosan, mannosan, and galactosan respectively. Average
ultrasonic agitation recovery was 13±5% lower than for the
shortvortexagitationmethod, forthethreemonosaccharides.
Performance is not improved by longer short vortex agitation
but extraction time seems to be important for ultrasonic agi-
tation. Caseiro et al. (2007) showed the best reproducibility
(100±8%) for an extraction time of 45min. Therefore, all
further work was performed with short vortex agitation and
all results for levoglucosan were corrected using an average
extraction efﬁciency of 92%. In addition, with this method,
the minimum solvent extraction volume is about 2ml allow-
ing the ﬁltration step and two successive LC-MS analyses of
the sample. In these conditions the maximum extracted ﬁl-
ter fraction is 4.5cm2 representing 21m3 of collected air for
a sampling at 30m3 h−1 during 24h onto a 150mm quartz
ﬁber ﬁlters.
GC-MS analysis was optimized to quantify about twenty
compounds including monosaccharide anhydrides, acids,
methoxyphenols and sterols (details in El Haddad et al.,
2009). Levoglucosan retention time with GC-MS method
(17.98min) is much longer than with the LC-MS method
(Fig. 1b). In our chromatographic conditions, elution of three
monosaccharides is in the following order: galactosan, man-
nosan, and levoglucosan (Fig. 1b). The analytical concen-
tration range is 100µgl−1 to 500mgl−1. Calibration curves
for the three monosaccharides show R2-values above 0.963
(Table 2). RSD range between 3% and 5% for high and
low concentrations analysis, respectively. LOD and LOQ
of GC-MS analysis are 100µgl−1 and 333µgl−1, respec-
tively (Table 2). These concentrations correspond to a mass
LOD of 100ng for the extraction and analysis conditions
described in the experimental part. The GC-MS analytical
performances could be enhanced by increasing the precon-
centration of the sample. However, this lowering of the ﬁ-
nal volume would hamper the successive analyses of deriva-
tized and non derivatized samples to be performed for a full
particulate organic matter characterization. In addition, a
low volume sample may lead to a loss of reproducibility
or performances.
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Fig. 1. LC-MS chromatogram (a) and GC-MS chromatogram on selective m/z (b).
In order to evaluate recoveries by the GC-MS analysis
method, ﬁlters are spiked in duplicate with 500µl of lev-
oglucosan standard solutions in acetone at low, medium,
and high concentrations. Those concentrations represent 1,
10, and 250µg of each compound by ﬁlter, respectively, af-
ter solvent evaporation at room temperature. After ASE
extraction the samples were concentrated to 1ml solution
before the derivatization step and the analysis. In these
conditions, the recovery for levoglucosan extraction with
dichloromethane/acetone mix solvent is 73±8%.
LOD and LOQ of both methods are in the same order of
magnitude (Table 2) but LC-MS LOD is lower than the GC-
MS one’s. LC-MS shows better analytical performance for
the quantiﬁcation of the lower levoglucosan concentrations.
However, for larger concentrations, this method has a lower
reproducibility with a RSD value reaching 10%.
Minimum solvent extraction volume for the GC-MS
method is about 60ml of organic solvent mix that is thirty
times more than LC-MS method (extraction with a minimum
of 2ml of aqueous solvent). In addition, LC-MS method uses
aqueous solvent, thus minimizing the waste management of
the analysis. Another advantage of the aqueous extraction is
that the same water aliquot may be used for further com-
pound analysis like that of ions or of other water soluble
organic compounds.
www.atmos-meas-tech.net/5/141/2012/ Atmos. Meas. Tech., 5, 141–148, 2012146 C. Piot et al.: Quantiﬁcation of levoglucosan and its isomers
In addition, with these optimized extraction conditions
(4.5cm2 in 2ml of solvent) and for a 720m3 sampling
collected on QM-A quartz ﬁber ﬁlters (impacted sur-
face=153.9cm2), LC-MS shows an atmospheric concentra-
tion LOD of 2ngm−3. For the same extraction surface area
and sampling conditions, the GC-MS method has an atmo-
spheric concentration LOD of 5ngm−3. LC-MS allows to
reach lower levels of atmospheric concentration for the same
extracted surfaces of ﬁlter.
3.2 Comparison of LC-MS and GC-MS analysis to
atmospheric applications
Parallel analyses were conducted by LC-MS and GC-MS
methods on the same ﬁfty atmospheric samples (a different
fraction of each sample was analyzed with each method).
Samples were collected during different seasons between
summer 2008 and winter 2009 in two urban background sites
located in Marseille and Grenoble, the second and the six-
teenth most populated city in France respectively. Sampling
of 360m3 and 720m3 were collected with High-Volume
samplers. Concentrations were corrected by extraction efﬁ-
ciencies. Levoglucosan concentrations covered a wide range
from 4 to 3200ngm−3 and concentrations found are in the
same range as previous measurements reported in Europe.
For instance, Caseiro et al. (2009) measured concentrations
ranging from 20 to 400ngm−3 of levoglucosan in Aus-
trian Regions and Puxbaum et al. (2007) measured 0.3 to
1651ngm−3 in CARBOSOL sites.
Comparison between the two methods was only made for
levoglucosan since concentrations of the other monosaccha-
ride anhydrides (mannosan and galactosan) were lower than
the detection limit for too many samples. Results show an
excellent agreement between the LC-MS and GC-MS meth-
ods, with a slope of almost unity, within the uncertainty of
the measurement, and R2-values of 0.94 (Fig. 2). This com-
parison validates the LC-MS method versus the more tradi-
tional GC-MS method for the analysis of atmospheric lev-
oglucosan. With a lower detection limit for atmospheric
analysis and faster sample treatment, LC-MS method rep-
resents a very good alternative to the widely used GC-MS
method. With this method, quantiﬁcation of levoglucosan
could be achieved in low-volume sampling conditions and
for ﬁeld campaigns with many samples.
Several such studies are in progress in our labs in dif-
ferent environment type (rural, urban, alpine sites,...), in-
cluding collections with low volume samplers (1m3 h−1) for
week-long sampling, and for a year-long survey of eight ur-
ban background sites in the Rhˆ one-Alpes Region (Piot, 2011;
Piot et al., 2011) where measured levoglucosan concentra-
tions range between 4ngm−3 (in summer) and 1000ngm−3
(in winter).
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3.3 Other environmental samples analysis
The use of aqueous solvent for levoglucosan extraction in the
LC-MS method allows to consider the analysis of monosac-
charide anhydrides in many environmental matrices. Lev-
oglucosan and its two isomers were analyzed by the LC-MS
method in soil samples collected under wood ﬁre combus-
tion (2 to 5cm depth) two days after the end of a combus-
tion performed to produce charcoal. Extraction with Soxhlet
and dichloromethane, and analyses using GC-MS were per-
formed but no monosaccharide anhydrides were observed in
these analytical conditions. Water extraction (5g of soil ex-
tract with 5.0ml of water during 20min of short vortex agi-
tation) was undertaken and followed by LC-MS analysis. In
these conditions, concentrations of 10.0, 1.5 and 0.6µgg−1,
were measured for levoglucosan, mannosan and galactosan,
respectively, highlighting a noteworthy impact of ﬁre com-
bustion on soil. Otto et al. (2006) have analyzed charred
pine forest surface soil samples in Canada by GC-MS af-
ter organic solvent extraction and have measured levoglu-
cosan, mannosan and galactosan concentrations of 1.0, 0.6,
and 0.3µgg−1, respectively. Simoneit et al. (2004) measured
levoglucosan concentrations of less than 0.1µgg−1 in soil
or soil dust weakly impacted by biomass burning. Thus,
data reported in the literature are much lower than concen-
trations measured in this study. This may be related to the
type of soil samples, or maybe due to a better efﬁciency of
water extraction than organic solvent extraction for soil sam-
ples. Additional tests would be necessary to compare aque-
ous and organic solvent extraction methods but test samples
of soil with certiﬁed levoglucosan concentrations do not exist
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in order to quantify the extraction efﬁciency. However, the
analysis of levoglucosan in soil, easily achievable with the
LC-MS method with a low detection limit, is a promising
way that can allow to evaluate the impact of forest ﬁres in
such environmental archives.
4 Conclusions
Levoglucosan concentrations of atmospheric samples ob-
tained with two independent methods (LC-MS and GC-MS)
were compared and present extremely good correlation for
a wide range of concentrations. This shows the validity of
our HPLC-ESI-MS/MS measurements for the fast quantiﬁ-
cation of levoglucosan. Whereas the GC-MS allows the de-
tection of a large number of compounds and can handle large
atmospheric concentration range, the LC-MS method allows
only to measure water-soluble compounds like levoglucosan.
Nevertheless, analytical performances are better for the LC-
MS method (lower LOD, better recovery) than for the GC-
MS method. Moreover one of the main advantages of the
LC-MS method is its rapidity, allowing the processing of
large sets of samples in order to obtain data for this biomass
burning marker in large ﬁeld campaigns. In fact, LC-MS al-
lows the analysis of monosaccharide anhydrides in less than
ﬁve min with a shorter time of sample preparation using a
cheaper and very simple extraction technique with less im-
pact on the environment. This extraction method can also
be applied to many environmental types, as for example soil
whose moisture does not allow organic solvent extraction.
Finally this work has shown that anion-exchange chromatog-
raphy coupled with an ESI-MS/MS dectector allow the quan-
tiﬁcation of neutral species like anhydrous sugars. And in the
future this method could be used to quickly characterize and
quantify other organics tracers in aerosol sampling.
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